Objectives: To describe the current patterns and trends in antimicrobial susceptibility in enterococci and streptococci (excepting pneumococci) from bacteraemia in the UK and Ireland from 2001 to 2006.
Introduction
The streptococci are a heterogeneous group of organisms including b-haemolytic, a-(viridans group) and non-haemolytic organisms, 1 together with the pneumococci, which are dealt with elsewhere in this supplement.
2 b-Haemolytic streptococci in groups A, C and G cause a variety of deep or invasive soft tissue infections such as erysipelas, cellulitis and necrotizing fasciitis, whereas group B b-haemolytic streptococci are wellrecognized as a cause of invasive neonatal infections. Alphaand non-haemolytic streptococci are commensals of the oral cavity, gastrointestinal tract and female genital tract and are frequently found on the skin; they may cause transient bacteraemia in patients without symptoms and often represent contamination in blood cultures. However, a-and non-haemolytic streptococci are also among the most frequent causes of endocarditis 3, 4 and may cause life-threatening infections in neutropenic cancer patients. 5, 6 Around 3% of the bacteraemias reported as clinically significant are caused by a-and non-haemolytic streptococci other than pneumococci. 7 The enterococci are commensal organisms of the gut and are opportunistically pathogenic, particularly in immunocompromised patients who are hospitalized for long periods and in those with serious underlying disease. 8 -10 They, too, are a frequent cause of endocarditis.
8, 10 Most enterococcal infections are caused by either Enterococcus faecalis or Enterococcus faecium, the latter, in particular, being associated with outbreaks of infection caused by resistant strains in hospitals. 7 Although b-haemolytic streptococci remain susceptible to penicillin, they are suggested to be increasingly resistant to macrolides, 11, 12 whereas a-and non-haemolytic streptococci may be highly resistant to both penicillins and macrolides. 6,13 -17 Enterococci are commonly resistant to macrolides and tetracycline and often have high-level resistance to gentamicin, precluding synergy with b-lactams or glycopeptides. E. faecium is also generally resistant to penicillins and is the major enterococcal species manifesting resistance to glycopeptides. 8, 9 This report reviews data on antimicrobial resistance prevalence in b-, a-and non-haemolytic streptococci (excluding pneumococci) and in enterococci collected as part of the BSAC Bacteraemia Resistance Surveillance Programme over the period 2001-06.
Materials and methods
Participating clinical laboratories were asked to collect up to 10 consecutive isolates per year of each of enterococci, b-haemolytic streptococci and a-and non-haemolytic streptococci (other than pneumococci). The procedures for collection, centralized identification and susceptibility testing of isolates, and for statistical analysis, are described in detail elsewhere in this Supplement. 18, 19 In analysis, when there was an intermediate category the results in the intermediate and resistant categories were combined as 'non-susceptible'. (Table 1) . Male patients contributed 51% of the b-haemolytic streptococcal isolates, 56% of the a-and nonhaemolytic streptococci and 58% of the enterococci. Some differences were seen between bacterial groups in relation to patients' characteristics (Table 2) as follows:
Results

Isolates and patients' characteristics
Age. There was no overall marked association of age with isolation of particular groups of bacteria. However, group B streptococci were most commonly isolated from younger patients, with 31.1% from patients aged ,1 year, compared with 3.1% for group A, 0% for group C and 0.7% for group G.
Care setting. In total 27.1% of the b-haemolytic streptococci, 46.3% of the a-and non-haemolytic streptococci and 68.7% of the enterococci were from patients in hospital for .48 h.
Referring specialty. b-Haemolytic streptococci were most commonly isolated from patients in accident and emergency, general medicine and paediatrics (mostly group B streptococci). Alphaand non-haemolytic streptococci were most commonly isolated from patients in haematology/oncology, as well as in general medicine and accident and emergency. Enterococci were also commonly from patients in general medicine, haematology/ oncology and surgery and from intensive care unit patients.
Focus of infection.
Where bacteraemia due to b-haemolytic streptococci could be associated with a focus of infection, skin and soft tissues were prominent, whereas bacteraemia due to a-and non-haemolytic streptococci was associated with subacute bacterial endocarditis or the gastrointestinal tract (particularly for Streptococcus anginosus and Streptococcus bovis biotype II). In addition, Streptococcus oralis was particularly associated with line infections. Enterococcal bacteraemia was commonly associated with line infections, the gastrointestinal or genitourinary tracts.
Non-susceptibility trends
The prevalence of non-susceptibility varied considerably from year to year for some organism -agent combinations. This is probably related to small sample sizes, variability in testing and the fact that some breakpoints are close to the MIC distributions of the susceptible wild-type populations.
b-Haemolytic streptococci
Groups A, B and G composed most of the 1332 isolates of b-haemolytic streptococci, with 553, 414 and 303 isolates, respectively; the remaining 62 isolates were of group C. There was little evidence of significant trends in susceptibility over the e Data not presented because raised MICs and consequent significant non-susceptible prevalence were artefactually high because the testing requirements for tigecycline were not understood at that time. Table 4 . Non-susceptible isolates (%) among different groups of b-haemolytic streptococci (breakpoints as in Table 3 All isolates were susceptible to b-lactams, glycopeptides and daptomycin, and the 2.3% of the isolates non-susceptible to linezolid were all categorized as intermediate ( Table 4) . The newer agents, doripenem (MICs 0.03 mg/L), ceftobiprole (MICs 0.25) and telavancin (MICs 0.25 mg/L), were highly potent against the b-haemolytic streptococci (data not shown).
Alpha-and non-haemolytic streptococci
Isolates of 14 different species of a-and non-haemolytic streptococci were collected; however, 65% of the 1012 isolates belonged to just four species, S. oralis (294 isolates), S. anginosus (151), Streptococcus sanguinis (124) and S. bovis biotype II (88) ( Table 1) .
There was little evidence of significant trends in nonsusceptibility over the period 2001 -06 (Table 5 ), but there were some significant differences in non-susceptibility among species (Table 6 ). The prevalence of penicillin resistance was the highest in S. sanguinis (34.7%) and lowest in S. anginosus (1.3%). Penicillin resistance in all species was at a low level, with most MICs 0.25 -1 mg/L and none .8 mg/L. Erythromycin resistance varied significantly from year to year, but the MIC distribution was broadly spread and the breakpoint does not clearly segregate resistant and susceptible subpopulations ( Figure 1 ). The majority of the wild-type isolates were distributed around a mode erythromycin MIC of 0.12 mg/L. Among isolates with reduced susceptibility, there was a highly resistant population with erythromycin MICs 256 mg/L and a substantial proportion with MICs broadly spread, but mostly in the range 1-8 mg/L. The prevalence of erythromycin resistance was the highest in S. oralis (51.7%) and markedly lower in S. anginosus (17.9%). Most of the isolates with low-level resistance were S. oralis or species other than S. anginosus, S. bovis biotype II and S. sanguinis. With tetracycline and minocycline, there were strikingly bimodal MIC distributions, with modes for the wild-type populations 0.5 and 0.12 mg/L, respectively, and substantial populations of resistant isolates with modal MICs of 64 and 16 mg/L, respectively. The prevalence of tetracycline resistance was the highest in S. bovis biotype II (76.1%). For tigecycline, there was a unimodal distribution with the modal MIC for all a-and non-haemolytic streptococci at 0.12 mg/L; of those falling in the non-susceptible group, 62 were intermediate (MIC 0.5 mg/L) and only 7 resistant (MIC 1 mg/L).
There was no resistance to glycopeptides or linezolid, and only seven isolates (1.4%) were resistant to daptomycin (Table 6 ), all with MICs just above the breakpoint at 2 mg/L. For doripenem, MICs were distributed over a wide range, from 0.004 to 1 mg/L, with a mode of 0.015 mg/L (data not shown). MICs of ceftobiprole were similarly distributed over a wide range, from 0.06 to 4 mg/L, with a mode of 0.06 mg/L (data not shown). MICs of telavancin were 0.03 -0.12 mg/L, with a mode of 0.03 mg/L (data not shown).
Enterococci
Of the 1408 enterococci received, 875 (62%) were E. faecalis and 463 (33%) E. faecium (Table 1) . For E. faecalis, there was little evidence of any significant trend in non-susceptibility over time (Table 7) . For E. faecium, there was a significant increase in resistance to ampicillin from 86.8% in 2001 to 98.8% in 2006 and a parallel increase in non-susceptibility to imipenem from 89.7% in 2001 to 98.8% in 2006 (Table 7) . There was also some indication of an increase in non-susceptibility to vancomycin f Data not presented because raised MICs and consequent significant non-susceptible prevalence were artefactually high because the testing requirements for tigecycline were not understood at that time. and teicoplanin, with higher prevalence in 2005 -06 than in earlier years. For these glycopeptide agents, the MICs for most non-susceptible isolates are clearly in the resistant range (vancomycin MIC 32 mg/L for 100% of the non-susceptible isolates and teicoplanin MIC .8 mg/L for 80% of the non-susceptible isolates). There were some significant differences (P , 0.00001) in non-susceptibility among species (Table 8) , with ampicillin, imipenem, meropenem, vancomycin and teicoplanin nonsusceptibility most prevalent in E. faecium. Conversely, tetracycline resistance was most prevalent in E. faecalis (82%).
Vancomycin resistance in enterococci was significantly associated with resistance to ampicillin (P , 0.00001), imipenem (P , 0.00001) and meropenem (P ¼ 0.00001) and with susceptibility to tetracycline (P ¼ 0.00001). This was in line with the common pattern of susceptibility of E. faecium, which were mostly ampicillin-resistant and commonly vancomycinresistant. Most vancomycin-resistant enterococci had a VanA (resistant to vancomycin and teicoplanin) phenotype, with nonsusceptibility also to teicoplanin (of 167 vancomycin-non-susceptible isolates of enterococci, 15.0% were intermediate and 67.1% resistant to teicoplanin). Vancomycin non-susceptibility was clearly associated with haematology/ oncology (29.3%) and, to a lesser extent, nephrology (14.7%), compared with intensive care, surgery, general medicine and other sources (10.8, 8.7, 8.5 and 5.0% vancomycin-resistant, respectively). Vancomycin-non-susceptible enterococci were also more likely to be from patients in hospital for .48 h (13.9%) than otherwise (4.3%). There was clear evidence (P , 0.00001) that vancomycin and teicoplanin nonsusceptibility varied significantly among centres, with 6 of the 29 centres contributing 54.1% of the vancomycin-resistant isolates. This was not simply related to these six centres providing a high proportion of the isolates of E. faecium, the species where vancomycin resistance was most common, as they contributed only 28.3% of the E. faecium isolates.
High-level gentamicin resistance (HLGR; MIC . 128 mg/L) was found in 50.6% of the E. faecalis and in 42.1% of the E. faecium isolates. In E. faecalis, HLGR was significantly more frequent (P , 0.00001) in hospital-acquired (57.5% of the 558 isolates) than other bacteraemias (36.9% of the 274 isolates). Differences between specialties in the prevalence of HLGR in E. faecalis (haematology/oncology 65.6%, ICU 59.4%, nephrology 50.4%, surgery 59.2%, general medicine 44.9% and other specialties 41.2%) were not significant when age distributions and rates of hospital acquisition of infections are taken into account. HLGR in E. faecalis varied significantly with age (P , 0.00001), being more common in the age groups 20 -59 years (57.3% HLGR) and 60-79 years (54.1% HLGR) than in isolates from younger (20.3% HLGR) and older (45.3% HLGR) Table 6 . Non-susceptible isolates (%) among different groups of a-and non-haemolytic streptococci (breakpoints as in Table 5 . patients. Apparently similar relationships between age and resistance to vancomycin and teicoplanin in E. faecalis were not significant, there being few resistant isolates in any age group.
There was very little non-susceptibility (overall ,1%) to tigecycline and linezolid (Table 7) . For doripenem, MICs were essentially divided into two populations with MICs for 
Discussion
Among b-haemolytic streptococci, there was no evidence of any change in the prevalence of resistance over time for any of the agents studied. Penicillins are usually the antibiotics of choice for treatment of infections caused by b-haemolytic streptococci, and no penicillin resistance was seen in this study over the period 2001 -06. Macrolides are mostly used to treat respiratory infections and superficial skin and soft tissue infections in patients with b-lactam hypersensitivity, and macrolide resistance in b-haemolytic streptococci is a problem in many parts of the world. 20 In this study, erythromycin resistance was seen in 5%, 15%, 7% and 17% of the group A, B, C and G isolates, respectively. A higher prevalence of erythromycin resistance in groups B and G than in groups A and C has also been reported in other studies. 15 The prevalence of tetracycline resistance among b-haemolytic streptococci was high at 19%, 82%, 37% and 59% in groups A, B, C and G, respectively. Resistance was most prevalent among group B isolates, which were often associated with younger patients and paediatric wards. However, it is not clear why tetracycline resistance should be more common in group B isolates. Tetracyclines should not be used to treat infections in infants, in whom most of these infections occurred, but group B streptococci in infants are usually acquired from their mothers, who may have been previously treated with tetracyclines, although tetracyclines are contraindicated in the second and third trimesters of pregnancy. Tetracyclines are most widely used in the community, and over 70% of the bacteraemias with b-haemolytic streptococci were community-associated (nonhospital or in hospital for ,48 h). A high prevalence of tetracycline resistance was also reported in the UK Health Protection Agency LabBase bacteraemia surveillance programme, which is based on routine clinical laboratory reports. 7, 21 Although 4.7% of the group A streptococci were resistant to erythromycin, only 0.4% were resistant to clindamycin, which may be used to treat severe group A streptococcal infections. However, the isolates were not tested for dissociated resistance to clindamycin.
Linezolid non-susceptibility (12.9%) among b-haemolytic streptococci in 2004 is related to a marginally broader spread in the MIC distribution in that year combined with the close proximity of the wild-type distribution to the breakpoints (S 2 and R . 4 mg/L). This resulted in 29 isolates from 2004 being reported as intermediate.
A wide range of species of a-and non-haemolytic streptococci were collected (14 species or subgroups). There were no significant trends in non-susceptibility among this group, although resistance to some agents was common and there were some significant differences in non-susceptibility among species. Penicillin resistance was 16.1% overall and highest in S. sanguinis (33.9%). Penicillin resistance in a-and nonhaemolytic streptococci has been reported for many years, although resistance prevalence has varied widely in different studies, 6,15,17,22 -26 partly because of application of different breakpoints, examination of different populations and differences in the nomenclature. Although 16.1% of the a-and nonhaemolytic streptococci were found to be penicillin-resistant in this study, MICs were no higher than 8 mg/L, and endocarditis with these bacteria would potentially be treatable with combinations of penicillin and an aminoglycoside. 27 Although there was no significant trend in erythromycin resistance among a-and non-haemolytic streptococci over time, resistance was common (overall 38.2%) and varied markedly between 23.8% and 58.5% from year to year. The distribution of MICs above those of the wild-type-susceptible population (MIC 0.5 mg/L) was broadly spread, with a highly resistant population (MIC 256 mg/L) and a substantial number of isolates with lower MICs, broadly spread down to the resistance breakpoint (.0.5 mg/L). As a consequence, the breakpoint cannot clearly distinguish a discrete resistant population, and this resulted in marked variation in resistance prevalence from year to year. Different levels of resistance to erythromycin probably relate to different mechanisms of resistance or combinations of mechanisms present in the organisms. 28 Erythromycin resistance in a-and non-haemolytic streptococci has been reported to be common worldwide. 6, 15, 17, 22, 26, 28 It varied among species and was especially high in S. oralis (51.7%), as reported previously, 28, 29 and low in S. anginosus (17.9%). The prevalence of tetracycline resistance was also high (33.9% overall), as reported by others. 22, 25 Increasing resistance to antibiotics in enterococci has been reported, and glycopeptide resistance has been a particular concern. 30 -34 We found that vancomycin non-susceptibility increased in E. faecium, from 20% in 2001 -02 to .30% in 2005 -06, whereas vancomycin non-susceptibility in E. faecalis has remained relatively constant at 3%. Vancomycin resistance in enterococci increased markedly through the 1990s, with UK LabBase bacteraemia reports indicating 5% resistance in E. faecalis and 24% in E. faecium by 1998. 7 The higher vancomycin resistance prevalence reported for E. faecalis in the early LabBase data may be due to the misidentification of E. faecium as E. faecalis in routine clinical laboratories, 7, 33 (a view supported by a 10% ampicillin resistance rate among isolates reported as E. faecalis), and a more recent report on LabBase data indicates vancomycin resistance in E. faecalis at 3% over the period 2001 -06. 21 For E. faecium, the LabBase data show a reduction in the resistance prevalence during 2000 -01 from 25% to 17%, followed by an increase to 24% in 2005 -06. 21 The lower prevalence of vancomycin resistance in E. faecium seen in the LabBase data compared with the data in this study may relate to the different sampling base, which includes all clinically significant bacteraemia isolates from laboratories in England and Wales in the LabBase data rather than a sample of isolates from 25 laboratories in this sentinel study. Major differences in the prevalence of vancomycin resistance in different hospitals lead to bias in any sentinel study according to how many centres with high vancomycin resistance rates are included. The detection methods used may also be a contributory factor as a variety of unrecorded routine methods are used for the LabBase data compared with a defined MIC method in this study. Increasing vancomycin resistance, at a much higher level than in the UK, has been reported for North America in the SENTRY surveillance programme, which showed vancomycin non-susceptibility in E. faecium increasing from 40% in 1997 to 61% in 2002, whereas vancomycin non-susceptibility in E. faecalis remained at 1% to 4%. 34 Vancomycin resistance in E. faecium is much less common in Europe 34,35 than in North America, but there are marked differences among countries. The European Antimicrobial Resistance Surveillance System reported high vancomycin resistance prevalence in 2006 in Greece (42%), Ireland (36%) and Portugal (26%), although prevalence remained below 1% in several countries. 35 The changes in the prevalence of vancomycin nonsusceptibility in E. faecium in this study were mirrored by a similar but slightly lower prevalence of non-susceptibility to teicoplanin, indicating that most glycopeptide non-susceptibility is of the VanA phenotype rather than the VanB phenotype (vancomycin-resistant and teicoplanin-susceptible). This is in line with the predominance of the VanA phenotype in most countries. 30,36 -39 As previously reported, vancomycin-nonsusceptible enterococci were particularly associated with haematology/oncology and nephrology wards.
31, 40 -42 The association of vancomycin non-susceptibility with particular hospitals in this study was not related to the specialties with higher risk for glycopeptide-resistant enterococci being at those centres, nor to E. faecium being isolated more frequently in those centres.
Resistance to ampicillin in E. faecalis was not seen in this study. There are very few confirmed reports of resistance to ampicillin in clinical isolates of E. faecalis, and such isolates have been b-lactamase producers. 43 Reports of ampicillin resistance in E. faecalis are more likely to be attributable to the misidentification of E. faecium as E. faecalis.
8, 33, 44 Resistance to ampicillin and carbapenems in E. faecium is very common, with the prevalence of non-susceptibility to ampicillin and imipenem increasing here from 86.8% and 89.7%, respectively, to 98.8% for both agents between 2001 and 2006. These apparent changes should be viewed with caution as the UK LabBase data for the same period showed no trend in ampicillin resistance. 45 Combinations of aminoglycosides with b-lactam agents (or glycopeptides in the cases of b-lactam hypersensitivity or resistance to ampicillin) are the treatment of choice for enterococcal endocarditis. 27 The synergistic bactericidal activity of the combinations is, however, lost in isolates with HLGR.
8, 46 HLGR prevalence increased in enterococci in the 1980s and 1990s. 8, 9, 47, 48 In this study, there was no significant trend in HLGR prevalence over the period 2001 -06 but resistance was very common, at 50.6% in E. faecalis and 42.1% in E. faecium. As reported by others, 8, 47, 48 HLGR, particularly in E. faecalis, was associated with acquisition in hospital and varied significantly among age groups.
Resistance to tetracycline in enterococci was common, as in streptococci, but tigecycline retained activity against almost all enterococci, a-and b-haemolytic streptococci in this study, as reported by others, 49 and tigecycline non-susceptible isolates mostly had intermediate susceptibility. Non-susceptibility to the other newer agents, linezolid and daptomycin, was also uncommon, as reported by others. 49 For agents included more recently in the surveillance programme, there are insufficient data to examine trends, and clinical breakpoints were not available. However, MIC distributions indicate that activity was similar to that reported previously. As with other b-lactam agents, doripenem and ceftobiprole showed good activity against b-haemolytic streptococci, a range of activity against non-and a-haemolytic streptococci, moderate activity against E. faecalis and poor activity against E. faecium. 50 -54 Telavancin showed good activity against b-haemolytic, non-and a-haemolytic streptococci and a range of activity against enterococci, with reduced activity against most vancomycin-resistant enterococci. 55, 56 The results reported here from the first 6 years of the BSAC Bacteraemia Resistance Surveillance Programme show that the prevalence of non-susceptibility in streptococci (excluding pneumococci) and enterococci has not changed significantly for most of the antibiotics, but some possible trends were noted in increased ampicillin and vancomycin non-susceptibility in E. faecium. The prevalence of non-susceptibility to macrolides and tetracycline in streptococci, to tetracycline and gentamicin (high level) in enterococci and to b-lactams and glycopeptides in E. faecium remains high. Conversely, there is so far little evidence of increasing non-susceptibility to the newer agents such as linezolid, daptomycin and tigecycline. Statistical analysis has highlighted the risk factors for non-susceptibility, such as hospital acquisition of infection, therapeutic specialty and age. Continued surveillance is warranted and will increase the value of the dataset over time.
